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Summary
T h e  s u b j e c t  o f  E h i s  t h e s i s  i s  t h e  d i s c r i m i n a -
t i on  o f  t as te  subs tances  and  t he  neu ra l  cod ing
o f  g u s t a t o r y  i n f o r m a t i o n  i n  t h e  l a b e l 1 a r  t a s t e
o rgan  o f  Ehe  b l ow f l y  CaL l i pho ra  o i c i na  Rob ineau -
D e s v o i d y ,  T h i s  o r g a n  c o n s i s t s  o f  a b o u t  2 6 0  t a s t e
h a i r s .  E a c h  h a i r  h o u s e s  f o u r  t a s t e  r e c e p t o r
c e 1 l s ,  w h o s e  " s e n s i t i v i t y  s p e c t T a "  d i f f e r  c h a r a c -
t e r i s t i c a l l y .  T h e  t h e s i s  e x a m i n e s  t h e  q u e s t i o n s
o f  whe the r  t he  f 1y  can  d i sc r im ina te  be tween
c h e m i c a l l y  r e l a t e d  s u b s t a n c e s  ( s a l t s )  b y  m e a n s
o f  i t s  l a b e l l a r  t a s t e  o r g a n  a n d  i f  s o ,  h o w  t h e
pe rce i ved  d i f f e rences  a re  encoded  by  t he
r e c e p t o r  c e l l s .
The  f i r s t  chap te r  i s  a  gene ra l  i n t r oduc t i on  on
senso ry  phys io l ogy  concen l ra t i ng  on  t he  chem ica l
senses :  t he  common  chem ica l  sense ;  o l f ac t i on ;
l he  vomero -nasa1  o rgan ;  and  t as te .  Th i s  chap te r
i s  a l so  i n t ended  f o r  l he  i n t e res ted  ou t s i de r .
Chap te r  2  ou t l i nes  t he  backg round  and  f o rmu la tes
che  a im  o f  Ehe  s tudy ,  and  chap te r  3  sun rna r i zes
Ehe  resea rch  repo r t ed  i n  mo re  de ta i l  i n  t he  nex t
c h a p t e r s .
T h e  d i s c r i m i n a t i n g  a b i l i t y  o f  t h e  f l y  f o r  s a l t s
i s  s t u d i e d  w i t h  a  c l a s s i c a l  c o n d i t i o n i n g  p r o c e -
d u r e ,  m o d i f i e d  a f t e r  N e l s o n  ( 1 9 7 1 )  ( c h .  4 ;  t h i s
wo rk  has  been  pubL i shed  i n  J .  comp .  Phys io l .
1 3 3  ( 1 9 7 9 ) ,  5 3 - 6 2 ) .  I n  a  f i r s t  e x p e r i m e n t ,  f l i e s
\ , rere t ra ined to d iscr iminaEe I  M NaCl f rorn
l o w e r  c o n c e n t r a t i o n s  o f  t h i s  s a l t .  T h e  d i f f e r -
e n E i a l  t h r e s h o l d  n a s  e s t i m a t e d  t o  b e  a t  0 , 6  M .
A  mode l  f o r  t he  neu ra l  cod ing  o f  sa l t  concen t ra -
r i on  i s  p resen ted ,  wh i ch  read i l y  accoun t s  f o r
t h i s  t h r e s h o l d .  I n  a  s e c o n d  e x p e r i m e n t ,  f l i e s
we re  t r a i ned  t o  d i sc r im ina te  va r i ous  concen l ra -
t i o n s  o f  L i C l ,  K C l ,  o r  N H 4 C 1  f r o m  I  ) {  N a C l .
Cond i t i on i ng  cou ld  be  ach ieved  a t  a1 l  concenEra -
t i o n s ,  e x c l u d i n g  s a l t i n e s s  d i f f e r e n c e s  a s  t h e
o n l y  c u e .  I t  i s  c o n c l u d e d  t h a E  t h e  f l y  p e r -
c e i v e s  d e f i n i t e  t a s t e  d i f f e r e n c e s  b e t w e e n  t h e
s a 1  t  s .
T h i s  r e s u l t  r a i s e s  t h e  q u e s t i o n  o f  t h e  f u n c t i o -
na l  s i gn i f i cance  o f  t he  obse rved  d i sc r im ina t i on .
I n  a  cu r ren t  s t udy ,  i n t ake  by  adu l t  f l i e s  and
su rv i va l  o f  adu l t s  and  l a r vae  have  been  measu red
f o l l o w i n g  a d d i t i o n  o f  s a l t  t o  r h e i r  d i e t
( a p p e n d i x  B . l ) .  T h e  o r d e r  o f  t o x i c i E y  a p p e a r s
t o  b e :  K C 1 ,  N H 4 C 1  <  N a C l  <  L i C 1 .  A  c u r r e n t
e t h o l o g i c a l  s t u d y  r e v e a l s  t h a t  t h e s e  s a l E s  a r e
ave rs i ve  t o  t he  f l i e s  i n  t he  same  o rde r
( a p p e n d i x  8 , 2 ) ,  w h i c h  s u g g e s t s  t h a t  t h e  f l i e s
a r e  i n c l i n e d  t o  a v o i d  s a l t s  a c c o r d i n g  t o  t h e i r
t o x i c  i  t y ,
The  s tudy  o f  t he  neu ra l  cod ing  o f  t he  d i f f e r -
ences  be t \ n reen  sa l t s  s t a r t ed  n i t h  an  e l ec t r ophy -
s i o l o g i c a l  i n v e n t o r y  o f  t h e  1 a b e l l a r  t a s t e
h a i r s .  F o r  t h i s  p u r p o s e  a  p r e a m p l i f i e r  w i t h
sho r t  b l ock i ng  t ime  (2  ms )  was  deve loped  ( ch .
5 ;  M e d .  b i o l .  E n g n g .  C o m p u t  .  1 5  ( 1 9 7 7 ) ,  4 7 0 - 4 7 1 ) ,
wh i ch  enab les  r esponses  t o  be  reco rded  f r om the
ve ry  f i r s t  sp i ke .  As  l he re  was  some  doub t
whe the r  t he  i npu t  b i as  cu r ren t  o f  t h i s  amp l i f i e r
( 1 0  p A )  1 e f ! . r a s t e  r e c e p c o r  r e s p o n s i v e n e s s  u n -
a f f ecced ,  t he  e f f ec t  o f  s imu l t aneous  chem ica l
and  e l ec t r i ca l  s t imu la t i on  was  s tud ied  ( ch .  6 ;
J .  I n s e c t  P h y s i o l .  2 3  ( 1 9 7 7 ) ,  4 5 3 - 4 6 0 ) .  T h e
sens i t i v i t y  o f  chem ica l l y  evoked  responses  t o
e l e c t r i c a l  c u r r e n t s  a p p e a r e d  t o  b e  l e s s  t h a n  l Z
pe r  50  pA ,
The  e l ec t r ophys io l og i ca l  i n ven to r y  o f  t he  l onge r
l a b e l l a r  h a i r s  ( c h .  7 ;  J .  I n s e c t  P h y s i o l ,  2 2
( 1 9 7 6 ) ,  3 V 7 - 3 8 4 )  r e v e a l e d  t h a t  t h e  r e s p o n s e s  t o
s a l t  s t i m u l a t i o n  c a n  b e  d i v i d e d  i n E o  t w o  t y p e s ,
A  and  B ,  based  on  bo th  sp i ke  amp l i t udes  and
response  magn i t udes ,  The  rema in i ng ,  sho r t e r
ha i r s  appea red  t o  gene ra te  a  t h i r d  r esponse
t y p e ,  C  ( c h .  8 ;  J .  I n s e c t  P h y s i o l .  2 4  ( 1 9 7 8 ) ,
667-672).  The rnorphology and arrangement of  the
l abe l l a r  ha i r s  appea red  t o  co r respond  i n  con -
siderable detai l  to those of  the blowf ly Phoy,rn ia
reg i r n  as  desc r i bed  by  L l i l c zek  (1967 ) ,  and  he r
c l a s s i f i c a t i o n  o f  h a i r s  i n t o  s i x  m o r p h o l o g i c a l
g roups  \ . / as  adop ted ,  Fo l l ow ing  t h i s  c l ass i f i ca -
t i on ,  t ype  A  responses  a re  evoked  ma in l y  i n
' r l a rgesE"  ha i r s ,  t ype  B  i n  " l a rge t '  and  " i n t e r -
med ia te "  ha i r s ,  and  t ype  C  i n  "ma rg ina l "  ha i r s ,
" d i f f e r e n t r r  h a i r s ,  a n d  t ' b r i s t 1 e s " .
P o s s i b l e  m o d e s  o f  n e u r a l  c o d i n g  o f  s a l t  t a s t e
d i f f e rences  a re  t empo ra l  cod ing  and  "ac ross -
f i b re  pa t t e rn "  cod ing .  Cod ing  by  d i f f e rences
in  t he  t ime  cou rse  o f  t he  sa lE  recep to r  r es -
p o n s e  i s  s c i l l  b e i n g  s t u d i e d  ( a p p e n d i x  C . l ) .
Recen r l y  i t  appea red  t haE  r r ac ross - f i b re
pa t t e rn r r  cod ing  can  accoun t  f o r  t he  obse rved
d i s c r i m i n a t i o n  a b i l i t y  ( a p p e n d i x  C . 2 ) .  H e r e ,
s t imu la t i on  o f  t he  1abe l l a r  t asEe  o rgan  by
a l ka l i  ch l o r i des  ac t i va tes  t v ro  r ecep to r  t ypes
pe r  ha i r  t ype ,  a  sa l t  r ecep to r  and  ano the r  r e -
cep [o r  l ype .  I so - sa l !  concen t ra t i ons  o f  Che
v a r i o u s  s a 1 t s ,  e l i c i t i n g  e q u a l  r e s p o n s e s  f r o m
the  sa l t  r ecep to r s ,  appea r  t o  ac t i va te  t he
o the r  r ecep to r  t ype  d i f f e ren t i a l l y .
Chap te r  9  d i scusses  t he  s t r uc tu re  and  f unc t i on -
i ng  o f  t he  o rgan  pe r f o rm ing  t he  neu ra l  cod ing :
t he  Eas te  ha i r s  and  t he i r  r eceo to r s .  The  f unc -
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t i o n i n g  i s  E r e a t e d  i n  f o u r  p a r t s :  s t i r n u l u s
t r anspo r t  f r om  Ehe  ou t s i de  o f  t he  ha i r  Co  t he
chemorecep t i ve  pa r t  o f  t he  recep to r  ce l l s t
membranel  rhe pr imary process of  chemorecept ion
( t r ansduc t i on ) ,  caus ing  a  l oca l  ac t i va t i on  i n
t he  recep to r  ce11 ;  t r ansm iss i on  o f  t h i s  ac t i va -
t i on  t o  o the r  pa r t s  o f  t he  ce l1 ;  and  gene ra t i on
o f  a c t i o n  p o t e n t i a l s .  S o m e  r e s u l t s  f r o m  p r e c e d -
i n g  c h a p t e r s  a r e  i n c l u d e d  i n  t h i s  d i s c u s s i o n .
An  ana l ys i s  o f  I ' con tac t  f a i l u res "  ( ch .  7 )  showed
tha t  s t imu lus  t r anspo r t  can  be  mechan i ca l l y
b l ocked .  I n  ch ,  6  i t  has  been  shown  t ha t  t he
hypo thes i s  o f  e l ec t r o ton i c  t r ansm iss i on  canno t
app l y  t o  t he  b l ow f l y  t as te  ha i r .
I n  append i x  A  a t t en t i on  i s  pa id  t o  t empo ra l
a s p e c t s  o f  c a s c e  r e c e p t o r  r e s p o n s i v e n e s s .  A d a p -
ta t i on  occu rs  du r i ng  s t imu la t i on  and  respons i ve -
ness  i s  s l ow l y  r es to red  a f t e rwa rds  (d i sadapEa-
t i on ) .  The  e f f ec t s  o f  s c imu lus  du ra t i on  and
s t imu lus  i n t e r va l  on  sa l t  r ecep to r  r espons i veness
have  been  measu red .  Apa r t  f r om  th i s ,  i t  appea red
tha t  r ecep to r  r espons i veness  can  va ry  du r i ng
e lec t r ophys io l og i ca l  expe r imen ts ,  p resu rnab l y  due
t o  i n t e r n a l  f a c t o r s .
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